New results and the confirmation of some older suggestions concerning the nature of solar microwave Neutral Line associated Sources (NLSs) were obtained by using data acquired with the Nobeyama Radioheliograph at 17 GHz along with coronal magnetic field magnetograms extrapolated from full-disk longitudinal magnetograms. The used method of extrapolation is applicable for active regions with rather arbitrary position on the solar disk, and allows us to avoid projection effects in observed longitudinal magnetograms. An application of this method was demonstrated for the period of 2003 October-November. We found NLSs to be widespread at 17 GHz. The NLSs are located just above, or in close vicinity to, the inversion line of the radial component of the coronal magnetic field in the place of a close contact of opposite magnetic polarities, where a horizontal magnetic component has local maxima. We briefly address the birth, motions of NLSs, their transformations into sunspot-associated sources, and vice versa. We also add a set of observational facts in evidence for the presence of 17 GHz NLSs in active regions, which produce powerful flares.
Introduction
The existence of microwave sources above some neutral lines of the observed photospheric magnetic field was first pointed out by Kundu et al. (1977;  Westerbork Synthesis Radio Telescope, 6 cm). They have been subsequently investigated with the Very Large Array (VLA at 4.9, 8.4, and 15 GHz), the Siberian Solar Radio Telescope (SSRT, 5.2 cm) and the RATAN-600. An association of such sources with filaments in active regions and their possible relation to X-ray loops, arch filament systems, emerging flux regions, and solar flares as well as the possible mechanism of their radio emission has been discussed by many solar astronomers, e.g., Kundu and Velusamy (1980) ; Kundu, Schmahl, and Rao (1981) ; Kundu and Alissandrakis (1984) ; Strong, Alissandrakis, and Kundu (1984) ; Gel'freykh (1985) ; Akhmedov et al. (1986) ; Chiuderi Drago, Alissandrakis, and Hagyard (1987) ; Korzhavin and Vatrushin (1989) ; Borovik, Vatrushin, and Korzhavin (1989) ; Sych, Uralov, and Korzhavin (1993) ; Uralov et al. (1996 Uralov et al. ( , 1998 ; Lee et al. (1997) . Nevertheless, the origin of Neutral Line associated Source (NLS) has not yet been well understood.
In this paper, we show some new results and confirm some older suggestions on the NLS nature by using data acquired with the Nobeyama Radioheliograph (NoRH) at 17 GHz along with a method for calculating coronal magnetograms extrapolated from a single longitudinal magnetogram of an active region with a rather arbitrary position on the solar disk. We demonstrate an application of this method for the period of 2003 October-November. We add a set of observational facts as evidence for the presence of NLSs in active regions, which produce powerful flares. We also briefly investigate the birth and motions of NLSs, their transformation into sunspot-associated sources, and vice versa. Some items of this investigation and a comparison of 5.7 GHz (SSRT) and 17 GHz solar images can be seen as a poster presentation at the NoRH Web site.
1
Images of solar active regions (ARs) observed with the Nobeyama Radioheliograph reveal two types of quasistationary microwave sources. They are sunspot-associated and Neutral Line associated Sources. NLSs are subdivided into weak, diffuse sources in simple bipolar regions and rather bright, compact sources in complex ARs. We consider here a bright, compact 17 GHz NLS only. Uralov et al. (2000) investigated such quasi-stationary NLS in NoRH images using Yohkoh/SXT data, and classified them as 1) slowly moving upward and 2) stationary, disposed low in the AR magnetosphere, close to the photospheric magnetic inversion line. Such NLS was found to be responsible for the flaring activity of an active region. A possible physical interpretation of the NLS in terms of the reconnection model in a quadrupole magnetic configuration of AR was also addressed. The slowly moving upward NLS corresponded to a fragment of an upward-moving "horizontal" current sheet, which appeared between a new ascending magnetic flux and the pre-existing magnetic field. The formation of an X-point type magnetic singularity deep inside the AR magnetosphere was found to be responsible for the appearance and existence of a low-lying bright stationary NLS with its higher component, which was not very bright. The presence of a "vertical" non-neutral current sheet inside the spatial structure of this NLS was revealed before the longduration flare of 1992 November 2.
To study the life of Neutral Line associated Sources, it is essential to clarify their correct identification. It is impossible A. M. Uralov, G. V. Rudenko, and I. G. Rudenko [Vol. 58, to 
Some Problems of the NLS Identification
We identify NLS as quasi-stationary compact 17 GHz source located just above, or in a close vicinity of, the inversion line of the radial component, B r , of the coronal magnetic field. This magnetic component is normal to the solar surface, and it is in close agreement with the observed longitudinal component, B l , for ARs near the solar disk center. It is also necessary to specify the height of the 17 GHz source above the photosphere. We take this height to be equal to 2000 km, which is close to the lowest level of the solar emission at 17 GHz. Some deviation from that height (e.g., within the range of ±2000 km) does not appreciably change the obtained results. There are two reasons for mistakes in the identification of NLS.
Jitter of Day-to-Day Positions of ARs in NoRH Images
Such a jitter, if any, can sometimes be guessed by comparing obtained AR images, e.g., at the current and previous days, and when the solar rotation is compensated. The image of an AR is displaced as a whole in some direction if day-to-day jitter exists. This instrumental effect is the most interfering for ARs close to the limb, when the apparent angular size of AR shrinks. Such a jitter also exists in SSRT maps. Similar errors in AR positions can also be episodically present in NoRH images, but an appreciable day-to-day jitter is not typical for NoRH maps. Of course, it is impossible to be absolutely confident in recognizing what kind of the displacement is registered, i.e., due to the instrumental jitter or due to a real displacement of the microwave image of an AR. However, we suspect that the jitter was rather large during the 2003 October-November period for several cases close to the limb, when the maximal displacement of a 17 GHz image of an AR as a whole reached 10 . We did not catch such effects in an MDI magnetogram. To avoid uncertainties in cases of drastic displacements of 17 GHz images, we did not use the NoRH data when the presence of this effect was suspected.
Projection Effect
Due to the projection effect, observed longitudinal magnetograms do not represent the position of the true photosphere magnetic neutral line (NL). Its true position can be determined if the distribution of the radial magnetic component, B r , is known. This component is normal to the solar surface, and is equal to the longitudinal magnetic component, B l , at the center of the solar disk. In other cases, the B r component can be determined only by calculations. The true NL is the inversion line of the radial component, B r .
The projection effect results in a displacement of the neutral line inside an active region. The magnitude of the displacement depends on the position of the AR on the solar disk, the magnetic field strength distribution, and the orientation of the NL. The ratio of the observed projection displacement to the observed angular size of the AR increases toward the limb. On the other hand, the angular size of the AR decreases at the same time. Therefore, the absolute value of the displacement of the NL is maximal within some range of heliocentric distances, and decreases outside this range. For instance, the maximal displacement of the NL in the vicinity of the main 17 GHz source in the NOAA 10484 was ≈ 10 in the range of heliocentric distances of ≈ 30
• -60
• . The projection effect can exceed 10 , which is demonstrated in figure 1 for NOAA 10486 in 2003 October. Nevertheless, our modest experience shows that in many cases the observed position of the main NL in an active region is rather close to the true one. Figure 1 shows a set of day-to-day intensity (I) NoRH maps as a half-tone background (same in columns) together with contours of the original B l magnetograms (top row) and contours of extrapolated B r magnetograms at a height of 2000 km (bottom row). The magnetic neutral line is shown with a thick solid line. The projection effect in figure 1 is, in fact, the difference of the positions of the magnetic neutral lines in B l and B r magnetograms. This difference is better seen due to the presence of a bright 17 GHz source in NoRH I-maps, shown identically in both the top and bottom rows. In the top-row images, the main 17 GHz source looks like a Neutral Line associated Source. However, the overlay of the NoRH I-maps with the extrapolated B r magnetograms in the bottomrow images leads to the conclusion that this source is in reality a sunspot-associated one, rather than an NLS.
The Method of Extrapolated Magnetograms
To avoid the projection effect and to study the environment of NLS in active regions during their passage from limb to limb, we used a new algorithm, which is applicable for extrapolations of the magnetic field in active regions located both in the central part of the solar disk and far from the solar disk center. The algorithm is based on the method of Rudenko (2001) for extrapolating coronal magnetic fields in the potential-field approximation from full-disk longitudinal magnetograms (Kitt Peak or SOHO/MDI). In this method, the Laplace boundaryvalue problem is solved for the directional derivative of the magnetic field potential corresponding to the specific nature of measurements of the longitudinal component of the photospheric magnetic field. It is worth mentioning that more typical is the procedure of coronal magnetic field reconstruction for ARs near the solar disk center within the framework of the Laplace boundary-value problem with the normal derivative of the magnetic potential.
We used for our study extrapolated magnetograms of the radial (normal to the solar surface, or vertical) magnetic component, B r ; modulus of the tangential (parallel to solar surface, or horizontal) magnetic component, B tan ; modulus of the magnetic field strength, B. These magnetograms were extrapolated from SOHO/MDI magnetograms and correspond to the spherical surface at a height of 2000 km above the photosphere, which seems to be appropriate for the 17 GHz data. In all images, the Carrington coordinate system was used. Extrapolation of the mentioned magnetograms is possible in two ways: 1) for the whole solar disk, and 2) for selected AR, where the magnetic field is calculated within a limited box. First-way magnetograms are convenient for quick inspection of all ARs on the solar disk to estimate the presence of an NLS and the projection effect. However, computations of such magnetograms are time-consuming; therefore, they have relatively low spatial resolution. We used the second way to extrapolate the magnetic fields into the corona. The source data were SOHO/MDI magnetograms smoothed over 2 × 2 pixels, which corresponded to about 2 × 2 averaging. The gain of this procedure was a significant decrease of the computation time, but the resolution also decreased. However, this did not result in an appreciable error in the extrapolated magnetograms at a height of 2000 km (3 ). The magnetic field strength increased by only 1-5% when it was extrapolated from the original, not smoothed, MDI magnetogram.
Ending this section, we should note that the real magnetic field strength would be higher if a non-potential (force-free or forced) magnetic field approach would be used instead of the potential one. On the other hand, there is a very large difference in the strength of the magnetic fields in SOHO/MDI magnetograms and, e.g., the magnetograms observed at the Huairou Solar Observing Station, with the latter providing higher magnetic strength. This is why we may only have an estimation of the magnetic field strength, particularly in the vicinity of a 17 GHz NLS. Data in magnetograms need correction. Nevertheless, it is useful to show the extrapolated magnetic field strength, and we did it with contours corresponding to 17 GHz harmonics of the gyrofrequency at a height of 2000 km. It may be assumed that the obtained magnetic strength is the lowest limit of the real magnetic field strength.
Application of Our Method to the Period of 2003
October-November 
NOAA 10488
NOAA 10488 was born on the solar disk on October 26. X2.7 and X3.9 flares were produced in this AR on November 3. Figure 2 shows three days of its evolution, October 30, 31, and November 1, from left to the right, respectively. 17 GHz I-maps (background) overlaid with extrapolated B r magnetograms (contours) are shown in the top row. The extrapolated modulus of tangential (horizontal) magnetic component, B tan (background), and B r magnetograms (contours) are shown in the middle row. 17 GHz I-maps (background) and the extrapolated strength of the magnetic field, B, at a height of 2000 km (levels of 869, 1010, and 1220 G) are shown in the bottom row. I-maps are identical in the top and bottom images of each column. Note that the I-images were not non-linearly processed.
There are two 17 GHz sources in these images. The right one is associated with the leading sunspot. Its brightness temperature decreased from T B 7.3 × 10 5 K on October 30 to T B 2.9 × 10 5 K on November 1. The hole in B tan magnetograms corresponds to that sunspot. The left 17 GHz source is associated with the following sunspot of the negative polarity on October 30 (T B 4.2 × 10 5 K). On October 31, the left source shifted to the neutral line and transformed into the Neutral Line associated Source (T B 3.4 × 10 5 K). This NLS kept its position on November 1 (T B 8.1 × 10 5 K), and, later on, up to X-class flares on November 3. The last statement is obtained if a jitter discussed above of the positions in the Imap on November 2 and 3 is taken into account. The NLS birth took place for an obvious reason. The growth of a new positive magnetic flux in the vicinity of the NLS is clearly seen in B r magnetograms. The NLS resides on the NL in the place of the maximal tangential magnetic component, B tan . This means that the NLS corresponds to the tops of low-lying loops arranged in the place of the closest contact of the opposite magnetic polarities.
The contours in the bottom of figure 2 correspond to the s = 5, 6, and 7 harmonics of the gyrofrequency at 17 GHz at a height of 2000 km. It is impossible to get any appreciable thermal gyroresonance emission at these harmonics under reasonable physical conditions in the NLS. However, the maximum extrapolated magnetic field strength in the vicinity of the NLS is about 1400 G, which is slightly lower than 1525 G, corresponding to s = 4. Taking into account the last paragraph in section 3, one can suppose the fourth-harmonic thermal gyroresonance radiation of lowlying coronal loops filled with rather hot and dense plasma to contribute to the intensity of 17 GHz NLS in this particular (and not frequent) case. This statement is not evident, and a brief discussion is required.
Harmonics s > 4 have been established not to have any significant optical depth in the quiet solar corona. The highest optically thick gyroresonant harmonic is usually inferred to be s = 3 for the x-mode and s = 2 for the o-mode (see, e.g., Zheleznyakov 1964; Alissandrakis et al. 1980; . However, in some cases the s = 4 harmonic can be regarded as the maximal effective one. For example, Lee et al. (1997) used this circumstance to explain 15 GHz emission of a source above the neutral line between sunspots. To estimate the gyroresonance opacity, it is convenient to use the expression from the review by White and Kundu (1997) . The optical depth, τ gr , is (1) where N e is electron number density, T plasma temperature, f frequency of observation, T * = m e c 2 /k ≈ 6 × 10 9 K, L B = B/(∂B/∂ ) scale length of the magnetic field, θ angle between the magnetic field direction and the line of sight. F (θ ) is some function (see Zlotnik 1968) , which is approximately (1 + cos θ ) 2 for the x-mode within the range of θ ≤ 60 • . A rough estimation of the free-free radiation optical depth is
with L being the geometrical thickness of the source. Because the 17 GHz NLSs are associated with the growth or intrusion of new magnetic fluxes (see further), it is reasonable to suppose that the plasma density (and probably temperature) in their vicinity is higher than in the neighborhood. The NLS under discussion has a brightness temperature of 2 × 10 6 K in SSRT 5.7 GHz I-map. Taking into account the possibility of insufficient angular resolution of the SSRT, we conclude that T > 2 × 10 6 K. Under rather arbitrary assumptions of T = 3 × 10 6 K, N e = 10 10 cm −3 , and L B = L = 10 9 cm, we obtain with θ = 60
• at 17 GHz the optical depths:
Gyroresonance emission dominates and provides the brightness temperature of the source of T B ≈ T [1 − exp (−τ gr )] ≈ 9 × 10 5 K, which is close to the observed value. An insufficient contribution of free-free radiation to the bright NLS 17 GHz emission can be also inferred from the rather high degree of polarization of NLSs described in this paper. However, weakly polarized free-free radiation can significantly contribute to the 17 GHz emissions of NLSs with low brightness temperatures, T B ≤ 4 × 10 4 K. Diffuse 17 GHz sources in simple bipolar regions are among them.
Finally, we note the following. Figure 2 shows that the rightmost sunspot-associated source is located within the contours of the magnetic field strength in the MDI magnetogram, corresponding to the same harmonics of the gyrofrequency as for the discussed NLS. Moreover, the magnetic field strength extrapolated from MDI data in the vicinity of the NLS is slightly higher than in the sunspot. On the other hand, it is commonly accepted that the s = 3 gyroresonance radiation is responsible for the sunspot emission at 17 GHz. This means that the s = 3 gyroresonance radiation must also dominate in the discussed NLS emission. The discrepancy of this circumstance and the data obtained from the MDI magnetograms is another indication of the necessity of their significant correction at high magnetic field intensities.
NOAA 10486
A comparison of microwave maps of this AR with calculated magnetograms for the period of October 25-November 1 is shown in figures 1, 3, and 4. Figure 3 represents the birth of a NLS (arrows) through the displacement toward the neutral line and the disappearance of a sunspot-associated source shown in figure 1. The microwave image in frame (b) was obtained on October 28 two hours later than the microwave image in frame (a). The birth of this NLS, labeled 1 in figure 3 , was observed several hours before the X17.2 flare on October 28 (start time 09:51 UT). The presented B r magnetograms clearly show an intrusion of the negative magnetic flux into the positive one. Huairou vector magnetograms show a high shear in the transverse magnetic field along the neutral line. The next day, on October 29 (frame c), the two NLSs, 1 and 2, already exist, and they are located where the opposite magnetic polarities are in close contact. Their brightness temperatures were T B 2.7 × 10 5 K on October 29 and 30. Between the daytimes of observations on October 29 and October 30 at Nobeyama, the NLS 1 disappeared along with the appearance of a new NLS, namely, 3 in figure 4 . The disappearance of NLS 1 looks like its jumping along the neutral line into a new position (first frame of figure 4). Such a transformation of NLS 1 into NLS 3 likely occurred before the X10 flare on October 29 (start time 20:37 UT).
The images in figure 4 correspond to October 30, 31, and November 1, respectively. These days were rather calm in NOAA 10486; only one M1.5 flare occurred on October 30. There are NLS 2 and NLS 3 in images. On October 31 and November 1, NLS 2 was slightly displaced toward the upper sunspot of the negative polarity, and its brightness decreased (to T B 10 5 K on November 1.) A long-living, stationary NLS 3 persisted in AR until November 4. This NLS remained in the same position for at least 13 hr before an X8.3 flare on November 2. Its brightness temperatures in images in figure 4 are T B 6.3 × 10 5 K on October 31 and T B 8.7 × 10 5 K on November 1. Like the Neutral Line associated Sources mentioned, this NLS is also located nearby the place of the close contact of opposite magnetic polarities, where the tangential magnetic component, B tan , is maximal.
NOAA 10484
In this subsection, we show the birth of a source associated with a leading sunspot from an NLS (figure 5), and the subsequent birth of two new NLSs (figure 6) in NOAA 10484. On October 19, there was an NLS at the leading edge of the positive magnetic flux area. This situation was before an X1.1 flare (start time 16:29 UT). The extrapolated magnetic field strength in the vicinity of the NLS did not exceed 650 G, and it is impossible to invoke any thermal gyroresonance radiation to the 17 GHz emission of this NLS. Only non-thermal gyrosynchrotron remains from the routine set of emission mechanisms typically applied: thermal gyroresonance or gyrosynchrotron, bremsstrahlung, non-thermal gyrosynchrotron. On October 20 and 21, this NLS was displaced inside the increased leading sunspot, and became a sunspot-associated source. The same source remained associated with the leading sunspot, and it is The set of images in figure 6 is similar to that in figure 2, except for NOAA 10484 on October 22, 25, and 26. On October 22, there were two NLSs with brightness temperatures T B 3.6 × 10 5 K and T B 2.2 × 10 5 K. The brightest of them, leftmost, is associated with the emergence of a small bipolar region. The extrapolated magnetic strength at a height of 2000 km is hardly sufficient to produce thermal gyroresonance emission in the vicinity of this NLS. On October 25 and 26, the two mentioned NLSs persist in the places of the close contact of the opposite magnetic polarities, where the tangential magnetic component B tan has local maxima. The brightest NLS is a brightest source in the active region on these two days, and its brightness temperature is T B 5 × 10 5 K. On October 26, the brightness center of this NLS is close to the magnetic strength maximum, as can be seen in the last bottom frame of figure 6. Taking into account the comments in section 3 and the brief discussion in subsection 4.1, the thermal gyroresonance radiation can be expected to contribute to the 17 GHz emission of this NLS.
NOAA 10487
No compact NLS was observed in this simple bipolar AR, which produced neither M-nor X-class flares. Its 5.7 GHz emission was centered above the leading sunspot. Its 17 GHz emission was dominated by a diffuse weak source (T B 3 × 10 4 K) located above the neutral line and the following diffuse part of the AR. There was no appreciable 17 GHz emission above the leading sunspot.
Summary and Concluding Remarks
We have applied a method of extrapolated coronal magnetograms to study NoRH images of solar active regions, observed at different viewing angles. This method allows us to avoid projection effects in longitudinal magnetograms, and it can be essential to judge on the nature of 17 GHz compact sources. We found Neutral Line associated Sources to be widespread at 17 GHz, at least, for the period of 2003 October-November. These sources are situated in the neighborhood or just on the magnetic neutral lines in the places of the close contact of the opposite magnetic polarities, where the horizontal magnetic component has local maxima. This means that the 17 GHz NLS corresponds to the vicinity of tops of lowlying loops of bipolar magnetic flux within the magnetosphere of a developing active region.
We have demonstrated the birth of an NLS along with the growth or intrusion of new magnetic fluxes. The described examples support the idea that the presence of bright 17 GHz NLS in an active region can be regarded as a predictor of powerful flares. The transformation of an NLS into a sunspotassociated source had also been shown as well as backwards.
Taking into account that the magnetic strength in the discussed examples should be regarded as a lowest limit of the real magnetic field strength at a height of 2000 km, the fourth-harmonic (or even third-harmonic) thermal gyroresonance radiation can be suspected to contribute to 17 GHz NLS emission in some cases (figure 2, November 1, and figure 6, October 26). However, such an interpretation does not seem to be appropriate for some other NLS observed at 17 GHz, for which non-thermal gyrosynchrotron radiation looks preferable. Possibly, thermal gyroresonance and nonthermal gyrosynchrotron radiations are the constituents of 17 GHz NLS emission in the general case. However, the problem of the confirmation of possible emission mechanisms remains open.
